
WRDC-TR-89-2040

AD-A215 135 4
TURBINE BLADE
DATA ACQUISITION SYSTEM
TECHNICAL REFERENCE

M. J. Gutman

University of Dayton Research Institute
Electronic and Computer Development Laboratory
300 College Park Avenue
Dayton, OH 45469-0001

May 1989

Final Report for Period September 1985 to August 1987

DTIC
Av i..7i_ECTED

Approved for public release; distribution unlimited. 
DEC07 1989

AERO PROPULSION AND POWER LABORATORY
WRIGHT RESEARCH AND DEVELOPMENT LABORATORY
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433-6563



NOTICE

When Government drawings, specifications, or other data
are used for any purpose other than in connection with a
definitely Government-related procurement, the United States
Government incurs no responsibility or any obligation whatsoever.
The fact that the government may have formulated or in any way
supplied the said drawings, specifications, or other data, is not
to be regarded by implication, or otherwise in any manner
construed, as licensing to the holder, or any other person or
corporation; or as conveying any rights or permission to
manufacture, use or sell any patented invention that may in any
way be related thereto.

This report is releasable to the National Technical Information
Service (NTIS). At NTIS, it will be available to the general
public, including foreign nations.

This technical report has been reviewed and is approved for
publication.

'I I

JOHN .' REED, PROJ ENGR ISAK J.i!GERSHON, TAM
Asse sment Branch Components Branch

Turbine Engine Division Turbine Engine Division
Aero Propulsion & Power Aero Propulsion & Power

Laborator' Laboratory
FOR THE CMMANDER

GEOFFR. W. UMPE, Maj, USAF
Chief, Components Branch
Turbine Engine Division
Aero Propulsion & Power

Laboratory

If your address has changed, if you wish to be removed
from our mailing list, or if the addressee is no longer employed
by your organization please notify WRDC/POTC, WPAFB, OH 45433-
6563 to help us maintain a current mailing list.

Copies of this report should not be returned unless return is
required by security considerations, contractual obligations, or
notice on a specific document.



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE

Form ApprovedREPORT DOCUMENTATION PAGE OMBNo. 0704-0188

la. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

Unclassified
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION /AVAILABILITY OF REPORT
2 N/A Approved for public release;
2b. DECLASSIFICATION /DOWNGRADING SCHEDULE distribution unlimited

N/A __________________

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

UDR-TR-87-133 WRDC-TR-89-2040

6a. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION
Uiiversity of Dayton j (If applicable) Wright Research & Development Centei
Research Institute Aero Propulsion & Power Lab, AFSC

6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

300 College Park Avenue WRDC/POTC
Dayton, OH 45469 WPAFB, OH 45433-6563

Ia. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable) Contract F33615-85-C-2585

8"c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS

PROGRAM | PROJECT I TASK IWORK UIlT
ELEMENT NO. NO. NO ACCESSION NO.1
62203F 3066 12 21

11. TITLE (Include Security Classificelion)

Turbine Blade Data Acquisition System (Technical Reference)

112. PERSONAL AUTHOR(S)
Gutman, Michael Joseph

13a. TYPE OF RE..JRT 13b TIME COVERED 114. DATE O F REPORT (YearMonthDay) j1. PAGE COUNT
Final IF ROM 9/285 TO 9/87 May 1989 I 51

16 SUPPLEMENTARY NOTATI9 " f/

N/A _1.C~~C ~~~1A'\,
17. COSATI CODES 18 SUBJECT TERMS.I(Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP Q Forced Response, Bladed Disk, Dynamic Structural
21 05 Analysis, Noncontacting Stress Measurement System,
14 1 02

19 ABSTRACT (Continue on reverse if necessary and identify by block number)

This report contains design and technical documentation on the non-
contacting stress measurement system. This system is used as an analytical
tool for s'  ctural testing and research on bladed-disk components. This
report shows artwork, schematic and block diagrams plus parts list. K,

20 DISTRIBUTION /AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
!MUNCLASSIFIED/UNLIMITED 0 SAME AS RPT [ DTIC USERS Unclassified

22a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) 22c OFFICE SYM.OL
John D. Reed, Project Engineer, POTC (5131255-20R1 WRDC/Pi C

DD Form 1473, JUN 86 Previous editions are obsolete SECURITY CLASSIFICATION OF THIS PAGE
Unclassified



This report provides design and technical documentation on
the Tucbine glade Data Acquisition System developed by the
Electronic and Computer Development Laboratory, within the
University of Dayton Research Institute. It was designed and
fabricated as an analytical tool for structural testing and
research on turbine components as part of the Noncontacting
Stress Measurement System. This research effort was performed
for the Aerospace Mechanics Group of the Research Institute.
Michael Drake was the Principal Investigator and Robert Dominic
was the Research Engineer in charge of daily activities for this
project.

E&CD Lab personnel who contributed to this research and
development effort were:

Lab Supervisor . . . . . . . . . . . . . . G. Thomas Collins

Electronic Design . . . . . . . . . . . . J. Michael Aulds
Robert Blanchard

Fabrication and Checkout . . . . . . . . . Ben Connally
Fred L. Davis
Steve Fuchs

Documentation . . . . . .. . . . . . . . Michael Gutman
Steve Fuchs

Report Assembly . . . . . . . . . . . . . Sam Pietrantonio

Aecession For

NTIS GRA&I
DTIC TAB
Unannounced []
Justificatio

By
Distribution/

Availability Codes

Avail and/or
Dist Special*A-fl

iii



FIGURES

Figure 1: TBDAS Block Diagram ................................. 1
Figure 2: Detector/Electronics Chassis ....................... 2
Figure 3: Main Menu Terminal Display .......................... 3
Figure 4: Histogram Terminal Display .......................... 4
Figure 5: Real Time Terminal Display .......................... 5
Figure 6: Main Menu Run Time Terminal Display ................ 6
Figure 7: Latch Card Component Layout ........................ 7
Figure 8: Latch Card Artwork (Component Side) ............... 8
Figure 9: Latch Card Artwork (Solder Side) .................... 9
Figure 10a: Latch Card Schematic Diagram (1 of 3) ............ 10
Figure 10b: Latch Card Schematic Diagram (2 of 3) ............ 11
Figure 10c: Latch Card Schematic Diagram (3 of 3) ............ 12
Figure 11: 1PPR Latch Card Component Layout .................. 14
Figure 12: 1PPR Latch Card Artwork (Component Side) .......... 15
Figure 13: 1PPR Latch Card Artwork (Solder Side) ............. 16
Figure 14a: 1PPR Latch Card Schematic Diagram (1 of 2) ....... 17
Figure lb: 1PPR Latch Card Schematic Diagram (2 of 2) ....... 18
Figure 15: Counter Card Component Layout ..................... 20
Figure 16: Counter Card Artwork (Component Side) ............. 21
Figure 17: Counter Card Artwork (Solder Side) ................ 22
Figure 18: Counter Card Schematic Diagram .................... 23
Figure 19: Receiver and 1PPR Receiver Cards Component Layout 25
Figure 20: Reciever and 1PPR Receiver Cards Artwork (Comp.

Side) .................................................... 26
Figure 21: Receiver and 1PPR Receiver Cards Artwork (Solder

Side) .................................................... 27
Figure 22a: Receiver Card Schematic Diagram (1 of 2) ......... 28
Figure 22b: Receiver Card Schematic Diagram (2 of 2) ......... 29
Figure 23a: 1PPR Receiver Card Schematic Diagram (1 of 2) .... 30
Figure 23b: IPPR Receiver Card Schematic Diagram (2 of 2) .... 31
Figure 24: Simulator Board Component Layout .................. 33
Figure 25: Simulator Board Artwork ............................ 34
Figure 26: Simulator Board Schematic Diagram ................. 35
Figure 27: 1PPR Amplifier Schematic Diagram .................. 37
Figure 28: Detector/Electronics Chassis Block Diagram ........ 41
Figure 29: Counter Synchronization Timing Diagram ............ 42
Figure 30: Latch Card Timing Diagram .......................... 43
Figure 31: IPPR Latch Card Timing Diagram .................... 44

iv



TABLES

Table 1: Latch Card Parts List ............................... 13
Table 2: IPPR Latch Card Parts List .......................... 19
Table 3: Counter Card Parts List ............................. 24
Table 4: Receiver and lPPR Receiver Cards Parts List ........ 32
Table 5: Simulator Board Parts List .......................... 36
Table 6: Detector/Electronics Chassis Backplane Pinout ...... 38
Table 7: Simulator Connector Pinout .......................... 39
Table 8: RS-232 Connection Pinouts ........................... 40
Table 9: Magnetic Tape Record Format ......................... 45

v



Computer

Printer -System Terminal

Rlack

TBA BLOCK DIAGRAM BLANK PLT U RI
FILEOATE U R

FJLKFIET1407-JU I-1989 nivuvrmty oft Dayton
or 1 1 osl EGO j~-*MJG 07 419 06 Z ti.,

Q Copyright t989. University of Dayton Research Institute. E&C Laboratory

Figure 1: TBDAS Block Diagram
1



U I
o- w,

0-I

At - - - - - -

CL ~ ~ oL -I --

>. a. "

10 (0 0 (012

,F----

nir
0 

!
3 (L} ,. '

051 L 19
.II - I

: U ' u

:0 >
-I C I)

w
, I.I.~

I--I- .. .. I-~

i I-
w L

0 0 -- - -
- U UCuj Cu

a)CO U 0 0

0 0 m- CO L -- - - "0

C ----" 0 0 (- 0
0 0 ' ,-,L

,o.. -_ +1 0",

U <

to

00

n0

0.

Figure 2: Detector/Electronics Chassis
2



HSIS Dta ta Ac qui _- i s ion S!-vj, tem

C = C'Bnrvie Date / Time / Specirren Data

D = Di_=: rd Dat.a

H =H-focrr,

P= Real Time Dizpla,-

S = Start Taking Data

I = Write Data To Tape

MAIN MENU TERMINAL DISPLAY BLANK PLT U0r -
I ILWOAIE 0-u-99U R07-Ju l - Igg University of Dayton

.iOJm msi:f 11 8 FILTiI Research Institute
OF41 1 07 49 06 Ett l 9 ... ~ L.WvI~

C Copyright 1989. University of Dayton Aesearch Institute. E&CO Laboratory

Figure 3: Main Menu Terminal Display

3



TE" T PUN! .ta +i on- I 625 Hz 625 RPM 1 t -:,7 c,": -4 : 40

IItE; AIF Utu-

HISTOGRAM TERMINAL DISPLAY BLANK PLT --UDRlT
F IET(0E -UDR I -

07-Jul-1989 Universty ofat Oayton
FiO

u  
ii94F ... .. ..... Research Instiltute

4 "S, -R- 07 49 06 ,
C( Copyright 1989. University of Dayton Research Institute. E&CO Laboratory

Figure 4: Histogram Terminal Display
4



TEST RUN Station-1 625 Hz 625 RPM 1 3-0C t-87 0:: 36:5

....- ... - __ --"--..

I

-6 0 0i ---- _ _-"

E-0000

-6000011

II~t F IL(NJw(

REAL TIME TERMINAL DISPLAY BLANK PLT U0R1
07-Jul-1989 UnDversIty af Dayton

sRsearch Insttuto
5, 1 o 1 07 49 06 t w,.it , G o.., ,t L,. .

(C
)  

Copyrignt 1989. University of Dayton Research Institute. E&CO Laboratory

Figure 5: Real Time Terminal Display
5



NSMS Da ta Ac q~u i-=. i t i orn S " te

Re,,clutIon 204 of 10 0

Current Minimum Maximum

Speed : 625 625 625 RPM

C = C.h~ricie [ate Time .S Specimen Data

C, = [iscwrd [ata

H = H E f Ocirarr

P -P e., Time Eisplaj

S = Start TakLn9i Data

U = Wr ite E9ta To Tape

DISPLAY ki ....i , 196q...
' ,'Ju, I').)9Univarmity of Dayton

sl ~Research in ] it tetP

C )oyriqfit 1989 iL~~ri* ftaytan fleearch) Institute [IM.O L or t '

Figure 6: Main Menu Run Time Tertinal Display

6



Q~.1

Z - C
J L

000000

0

- 0 a

00~0

L-, cc, ;~-

0
U 0

m 0IP- C:

Figure 7: Latch Card Component Layout
7



Cu

CL

0

-

0 I Ci

0< 0*

0

al1 so

0-

lb 00

Figue 8 Lath Crd Atwok (Cmpoent ide
80O



U-i

SUj

00 Lu

Z -7 a~
10 U

-1~~0 0~~

Q,

ob co

tr -Q

0000

Fiur 9: Lac-Cr-Ator-Sodr-ie

9C



0C.U

Io 0

cc~C W)0c

0 OL

cc F4

- -

w LL L U. 0 0

> 0 )
M>

cc4 cc0 > M L

UW U 0
+- cn ix

> >
0I
+~~ ~

Liz

I-U

Figure 10a: Latch Card Schematic Diagram (1 of 3)
10



W ~

Zo +
CD

x al

O . 0i L

wo, CO o 0

0 - C
0

(n

Z~~ 040

F-, -
2 F-

0~~~ 0 0'

0
ClCl cc

N <

SU 0

I-j-

Figure 10b: Latch Card Schematic Diagram (2 of 3)
11



-. i1

a L
* -C.

4C M

cc 2~-

:- < C',

I-I 4

U0

N 2

Fiur 10c Latch CadShmai igam( f3

- 4 _ __ __ __ __ ___12



Latch Card Parts List

Part Number Description

RI - R5 1 KOhm
R7 10 KOhm
R8, RIO 100 Ohm
R11 30.1 KOhm
R12 26.1 KOhm

R9 lOKOhm Trimpot

Cl - C4, C8, C9 0.1 uF
C5 47 pF
C6, C7 10 uF Tantalum

IC1, IC2, IC4 74S74
IC3 74S08
IC5 Am26LS32
IC6, IC9 - IC13 Am26LS31
IC7, IC8 Am29821
IC14 VTC033
IC15 CMP05

VR1 7805
VR2 7905

CR1 1N4150

J Motex .156 10 position (xA)
J2 Anstey Blue Macs 50 pin mate

Table 1: Latch Card Parts List
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1PPR Latch Card Parts List

Part Number Description

R1 -R6 1lKOhM

ICi, 1C2, IC4 74S74
IC3 74SOB
ICAzn26LS32

1C6, 1C9 - C13 Am26LS31
IC7, 1C8 Am29821

CR1 1N4 150

Ai Motex .156 10 position (A4)
J2 Ansley Blue Macs 50 pin mate

Table 2: lPPR Latch Card Parts List
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Counter Card Parts List

Part Number Description

R1 -R3 1KOhm

IC1 IC3 74S74
IC4 74S37
ICS MTO-T1-S3 (Mtron)
IC6 74S08
IC7 - ICl 74S163
1C12, 1C13 K-29827

CR1 1N4150

J Motex .156 10 position (x4)

Table 3: Counter Card Parts List
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Receiver and 1PPR Receiver Cards Parts List

Part Nwriber Description

R1 R21 100 ohm
R22 1 Kotim

IC1 - C6 Am26LS32
IC7 Am26LS31

J2 Ansley Blue Macs 50 pin mate
J3 Ansley 64 Pin DIN VME

Table 4: Receiver and lPPR Receiver Cards Parts List
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Simulator Board Parts List

Part Number Description

RI, R2 2.2 KOhm
R3 - R6 100 Ohm
R7 - R1O 681 Ohm
R11 1 KOhm
R12 10 KOhm
R13 499 Ohm
R14 2.4 Ohm

C1 1000 pF

IC1 PXO-1000
IC2 74C4040
IC3 27128
IC4 74ALS574

Q1 - 09 VN10KM

DS1 - OS5 LED

CR1 1N4150

Table 5: Simulator Board Parts List
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TURBINE BLADE BACKPLANE

FRONT CLOCK CHAN 1 CHAN 2 CHAN 3 CHAN 4

1 INPUT PHOTOOIOOE PMT 1 PMT 2 PMT 3 PMT 4
2 ANA2 ANA GND ANA GND ANA GND ANA GND ANA GND
3 ANA3
4 ANA4
5 ANA GND ANA GND ANA GND ANA GND ANA GND ANA GND
6 +15V +15V +15V +15V +15V +15V
7 -15V -15V -15V -15V -15V -15V
8 COMP EN COMP EN COMP EN COMP EN COMP EN COMP EN
9 LATCH EN LATCH EN LATCH EN LATCH EN LATCH EN LATCH EN
10 ERROR RESET E RESET E RESET E RESET E RESET E RESET
11 ERROR ERROR ERROR ERROR ERROR ERROR
12 DIG GND DIG GND DIG GND DIG GND DIG GND DIG GND
13 +5v +5V +5V +5v +5v +5v
14 CNT LATCH CNT LATCH CNT LATCH CNT LATCH CNT LATCH CNT LATCH
15 CLOCK CLOCK CLOCK CLOCK CLOCK CLOCK
16 CLOCK/ CLOCK/ CLOCK/ CLOCK/ CLOCK/ CLOCK/
17 C23 COUNTER BIT 23 C23 C23 C23 C23
18 C22 COUNTER BIT 22 C22 C22 C22 C22
19 C21 COUNTER BIT 21 C21 C21 C21 C21
20 C20 COUNTER BIT 20 C20 C20 C20 C20
21 C19 COUNTER BIT 19 C19 C19 C19 C19
22 C18 COUNTER BIT 18 C18 C18 C18 C18
23 C17 COUNTER BIT 17 C17 C17 C17 C17
24 C16 COUNTER BIT 16 C16 C16 C16 C16
25 C15 COUNTER BIT 15 C15 C15 C15 C15
26 C14 COUNTER BIT 14 C14 C14 C14 C14
27 C13 COUNTER C;T 13 C13 C13 C13 C13
28 C12 COUNTER BIT 12 C12 C12 C12 C12
29 Cll COUNTER BIT 11 Cll Cll Cll Cll
30 C10 COUNTER BIT 10 C1O CIO C1O C1O
31 C9 COUNTER BIT 9 C9 C9 C9 C9
32 C8 COUNTER BIT 8 C8 C8 C8 C8
33 C7 COUNTER BIT 7 C7 C7 C7 C7
34 C6 COUNTER BIT 6 C6 C6 C6 C6
35 C5 COUNTER BIT 5 C5 C5 C5 C5
36 C4 COUNTER BIT 4 C4 C4 C4 C4
37 C3 COUNTER BIT 3 C3 C3 C3 C3
38 C2 COUNTER BIT 2 C2 C2 C2 C2
39 C1 COUNTER BIT 1 C1 C1 C1 C1
40 CO COUNTER BIT 0 CO CO CO CO

Table 6: Detector/Electronics Chassis Backplane Pinout
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Sifmlator Coninector Pinout

A LED 1
8 LED 2
C WC
D LED 4
E GNO
F 1PPR LED
G NC
H GND
I NC
J GND
K GND
L NC
N GND
N LED 3

Table 7: Simulator Connector Pinout
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RS-232 Connector Pinouts

1 Shield
2 Transmit
3 Receive
4 NC
5 NC
6 NC
7 Signal Ground
8 NC
9 NC
10 NC
1 NC
12 NC
13 NC
14 NC
15 NC
16 NC
17 NC
18 NC
19 NC
20 NC
21 NC
22 NC
23 NC
24 NC
25 NC

Table 8: RS-232 Connection Pinouts
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Figure 28: Detector/Electronics Chassis Block Diagram
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Figure 29: Counter synchronization Timing Diagram
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Figure 30: Latch Card Timing Diagram
43



10 MHz Clock

10 MHz Clock

Latch Pulse
(from counter)

Latch Strobe

FF IC2

FF 1C4 0
(valid data) ________

Clear Pulse

iPPR LATCH CARD TIMING ELAW PL -UDRTI
DIAGRAM f O7-ju19'89 University of Oayton

rl MJ D-SI .... Research Institute
31 ~ OF~ I MjG 07 419 06 .- M01
Q Copyrignt 1989. university 01 Dayton Pesearcn lnst.,tute. E&CD Laooratory

Figure 31: 1PPR Latch Card Timing Diagram
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NSNS Data Acquisition System - Tape Format

Fixed length - 512 byte records

block 0

bytes 0.. 3 :nb = number of blades
bytes 4.. 7 nr = number of revolutions
bytes 8.. 11 ns = number of stations
bytes 12.. 15 average speed
bytes 16.. 19 : minimum speed
bytes 20.. 23 : maximum speed
bytes 24..127 : unused
bytes 128..136 : run date (DD-MlM-YY)
bytes 137..141 : excitation frequency
bytes 142..149 : run time (HH:NM:SS)
bytes 150..165 : radius
bytes 166..245 : run description
bytes 246..261 : run id
bytes 262..421 : specimen description
bytes 422..437 : specimen id
bytes 438..511 : unused

nbrd = number blocks for rev data = int((nr + 127)/128)
nbbd = number blocks for blade data = int((nr*nb+127)/128)

block 1..nbrd

bytes 0..3 : rev 1 time for station 1
bytes 4..7 : rev 2 time for station 1

block nbrd+1..nbrd+nbbd

bytes 0..3 : rev 1 blade 1 time for station 1
bytes 4..7 : rev 1 blade 2 time for station 1

bytes nb*4-4..nb*4-1 : rev 1 blade nb time for station 1 bytes nb*4..nb*4+1 rev 2 blade 1 time for
station 1

repeat from block 1 for station 2, 3 and 4

tape mark

L

Table 9: Magnetic Tape Record Format
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